Background: Besides the strategy based on test-and-slaughter policy for seropositive sheep and goats after an evaluation of the situation, vaccination measure of those animals against brucellosis with Rev 1 vaccine in 2008 have been implemented.
Introduction
According to the World Health Organization (WHO) brucellosis is zoonotic infection with a worldwide impact, contributing to significant health and economic problems [1] .
Brucellosis is considered to be one of the main zoonotic diseases in Republic of Macedonia. The number of reported human infections has not decreased significantly despite the eradication programme (test and slaughter) in cattle, sheep and goats [2] .
The Brucella melitensis (B. melitensis) Rev-1 strain is currently considered as the best vaccine available for the control of ovine and caprine brucellosis, especially when used at the standard dose by the conjunctival route [2] .
During the period from 1980 to 2009 approximately 11,000 cases of human brucellosis http://www.mjms.mk/ were registered in Republic of Macedonia, with a median annual morbidity of 20/100,000 population [3] .
Control strategies available to prevent human brucellosis are pasteurization of milk, livestock vaccination and elimination of infected animals. In animal populations, control of infection can be based on different strategies which selection depends on numerous factors. Mass vaccination is crucial for the control and eradication of bovine, ovine and caprine brucellosis but other complementary measures that may need consideration include improved farm hygiene, restriction and control of trade and movement of animals, testing of animals and isolation and removal of infected animals [4] .
Brucellosis belongs to the group of infectious diseases that is distributed all over the world due to the possibility of its rapid spreading. This infection is important for the economy of each country and its public health significance is emphasized even more by the large loss of livestock, long-term treatment of infected people and long-lasting fight for its eradication [5] .
Brucellosis remains an important public health problem in the Mediterranean region where the efforts for eradication of Brucella melitensis in animals have failed [6] .
Over the last few decades the onset of this zoonosis has been considerably changed on a global level due to the implementation of different sanitary, socioeconomic and political measures as well as due to the evolution of international transport [7] .
Brucellosis is an occupational hazard. Diary workers, shepherds, veterinarians, butchers, laboratory workers and animal husbandry personnel are at a higher risk [8, 9] .
In the last 2-3 decades each year the Government of the Republic of Macedonia establishes the Program for examination of the onset, prevention and elimination of human brucellosis, which grants finances for implementation of the recommended measures and finances for education of the population. The ten Public Health Centers (PHC) have been appointed to implement these measures in practice [10] .
In the period from 2007 to September 2009, 113 blood cultures from patients with diagnosis of brucellosis hospitalized at the University Infectious Diseases and Febrile Condition Clinic in Skopje, Republic of Macedonia, were examined. A total of 16 blood cultures from different patients were positive (14.2%), showing Gram negative bacilli, oxidase positive small colonies on Columbia agar media. The isolates were identified as four biochemically different types of B. mellitensis [11] .
Brucellosis in small ruminants caused by B. melitensis is continuously causing great loses in Macedonian livestock production [2] . The prevalence of brucellosis in sheep and goats (B. melitensis, biovar 2) for a period of 30 years was less than 2%. Brucellosis in cattle is limited to sporadic cases, especially where cattle cohabit with sheep and goats [12] .
In 2008, after an evaluation of the situation, the Veterinary Directorate introduced new programme for control of brucellosis in small ruminants. The selection of the strategy was based on the epidemiological situation in the country, the resources available both financial and human, recommendations in the literature and experiences of different countries in combating the disease. The existing data in 2008 showed that the most eastern region is traditionally free of the disease (the disease was never confirmed or only isolated outbreaks reported). At the same time there is a region consisting of several municipalities where the disease prevalence both on flock and individual animal level is very high. The largest part of the territory of Republic of Macedonia situation had moderate flock prevalence with regard to brucellosis [2] .
Republic of Macedonia has introduced the vaccination program of sheep and goats against brucellosis using the Rev 1 vaccine in 2008 ( Fig. 1) [13].
In the period 2007-2011, 2741 cases of cattle brucellosis were registered (total number of conducted tests were 785 392) and the positive animals were slaughtered [14] . Vaccination of cattle against brucellosis is not allowed/is forbidden. The statistical analysis was done using Statistica 7 software. Values of p<0.05 were considered statistically significant.
Material and Methods

Vaccination
Results
In the period 1999-2011, 118,643 cases of brucellosis among sheep and goats were registered (total number of conducted tests were 7,628,886) and the positive animals were slaughtered or destroyed.
The highest incidence (morbidity) of brucellosis among sheep and goats was registered in the year 2007 (2010 positive of 100,000 sheep and goats) and the lowest in the year 2011 (156/100,000). Periodic prevalence for the investigated period was 6882/100.000 before vaccination and 3698/100,000 after start of sheep and goats vaccination ( Table 1) . Analysis with Pearson's coefficient of correlation has shown a moderate positive correlation between the number of infected people and the number of infected sheep and goats in the investigated period (r=0.22, p=0.4003) (Fig. 2) . http://www.mjms.mk/ In the period between 1999 and 2011 an increasing tendency of brucellosis among sheep and goats was observed (Fig. 3) . Four years after implementation of mass vaccination of sheep and goats versus one year before vaccination (2007), the highest decline in the incidence rate of human brucellosis from 124.3 to 19.7/100,000 inhabitants (84% decline) was reported in region 3 ( Table 2) . In region 1 increase from 6.97 to 7.8/100,000 inhabitants in the incidence rate (11.9% increase) of human brucellosis was observed However, there was a mild decline in the incidence rate of human brucellosis in this region year by year (2008-2011) ( Table 2) .
In region 2, the largest region by territory, inhabitants and sheep and goats population, there was decline from 13.8 to 3.4/100,000 inhabitants (74.5% decline) of the incidence of human brucellosis after four-year vaccination of the young ruminants (lambs and kids) in comparison with 2007 (Table 2 ). 
Discussion
During the period 1999-2011 an increasing trend of brucellosis among sheep and goats in R. Macedonia was observed. It is assumed that the real number of infected sheep and goats was significantly larger than the registered one due to the unregistered cases. This is a result of the low level of awareness and education of the stock raisers about the importance of the health status of their herds concerning brucellosis. Insufficient control over the movements of herds from one region to another, movements to regions with unknown status of brucellosis, illegal and/or inadequately controlled trade of live animals and poor safety conditions in some regions of the country in 2001 brought to mass spreading of the disease among small ruminants. The central database for identification and registration of sheep and goats was created in 2008. Prior to this period, identification of sheep and goats with ear tags was inadequate because of the quality of the brands that might fall off and are difficult to read, which leads to a greater risk of flaws in excluding the positive sheep and goats from the herds.
The analysis has shown a moderate positive correlation (r = 0.26) between human brucellosis and brucellosis among small ruminants during the period 1999-2011 while in another study conducted for the period 2008-2011 the correlation between human brucellosis and brucellosis among small ruminants was very strong (r = 0.98) [15] . This difference in the correlation might be a result of the conducted activities for protection and education of the population by the health personnel of the Public Health Centers as well as by the other relevant health and veterinary institutions in the country.
Analysis of the incidence of human brucellosis has revealed the greatest decline in region 3 where mass vaccination of sheep and goats was conducted. The effects of vaccination against brucellosis of small ruminants were also investigated in Greece and similar results were obtained [16] .
The larger part (Berovo, Delchevo, Pehchevo, Makedonska kamenica, Kratovo) of region 1 is considered to be traditionally free of the disease (the disease was never confirmed or only isolated outbreaks reported). Additionally, the geographical position of this region has to be taken into consideration, too. It borders with Bulgaria, a country free from Brucella melitensis until 1958 (although during 2005-2007 its re emergence was recorded) [17] . Mild increase of the incidence of human brucellosis has been observed. This is very likely a result of the low level of awareness and education of the animal breeders, who did not respect the legislation regulations for movement control of sheep and goats including obtaining an official certificate for the health status of the flock. This is especially valid for the Strumica region, which is by geographical location, trade, market and by communication tightly connected with Radovish and Valandovo, municipalities with a high incidence of human and animal brucellosis. In fact, the largest number of registered human brucellosis in the examined period was from the Strumica region.
There was a decreased incidence rate of human brucellosis in the largest region 2, after the 4-year vaccination of the lambs and kids and after implementation of mass vaccination in some municipalities and villages in the year 2010, similar results were obtained in Western Greece [18] . This might be a result of the implementation of the vaccination program and concomitant control of movements of sheep and goats in comparison to other regions. 
Recommendations
-To evaluate and revise the programs for control and eradication of brucellosis in animals, comprising vaccination and testing of sheep and goats as well as slaughtering of infected animals. These programs have to be designed on the basis of total incidence rate of the disease in animals and in accordance to the local epidemiology of the disease in animals and humans.
-To enhance veterinary resources (technical, financial and human).
-More efficient and more rigorous movement control of sheep and goats and regular maintenance of the identification and registration system of sheep and goats.
-To create a unique system for rapid information on the onset of zoonoses (including brucellosis) available to the authorized governmental institutions in the field of veterinary and public health.
